Abstract. Lung cancer is one of the most common malignant cancers in the Czech Republic in men, with the highest mortality rate of all the malignant diseases. The development of biological treatment enables study into novel personalized treatment options. This type of treatment is usually of high quality, and is often demanding of predictive and biopsy diagnostics, which is dependent on the quality of the collected material and close cooperation among particular departments. The present study describes the complete biopsy and predictive examinations performed in a male patient with lung adenocarcinoma, with an emphasis on the logistics of the whole process and the application of the tyrosine kinase inhibitors, crizotinib and LDK378. The patient experienced a long overall survival time of 28 months from diagnosis.
Introduction
Lung cancer is one of the most common malignant cancers in the Czech Republic in men, with the highest mortality rate of all the malignant diseases (1) . This type of treatment is usually of high quality, and is often demanding of predictive and biopsy diagnostics (2) . The development of biological treatment enables use of novel personalized treatment options for clinical oncologists and pulmonologists.
Molecular investigation in patients with lung carcinoma includes molecular-biological [epidermal growth factor receptor (EGFR) exons 18, 19, 20 and 21, Kirsten rat sarcoma viral oncogene homolog (KRAS), B-Raf proto-oncogene, serine/threonine kinase (BRAF) or phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit α mutations] and cytogenetic [anaplastic lymphoma receptor tyrosine kinase (ALK), ALK/echinoderm microtubule-associated protein-like 4 (ALK/EML-4) fusion, and ROS proto-oncogene 1, receptor tyrosine kinase (ROS-1) or human epidermal growth factor receptor 2 (HER2)] analysis. When considering biological treatment these analyses form an inseparable part of a diagnostic process, and the predictive and prognostic character of the response to a treatment is derived from them (3). The treatment logistics begin in a clinical department, where a sample representative enough for biopsy diagnostics is obtained [recommended procedure for histological lung cancer testing by the Society of Czech Pathologists, 2013 (4)], and particularly in cancer cases, a range of immunohistochemical tests is performed. Appropriate sample fixing is also extremely important, otherwise the material may be devalued for pathological testing.
Laboratory testing includes DNA isolation and subsequent mutational analysis of signaling pathway genes, such as EGFR. This receptor participates in non-small cell lung carcinoma (NSCLC) carcinogenesis (5) , and due to this, has become the target of novel cancer treatment methods. EGFR belongs to a family of transmembrane receptors for growth factors erB/HER and has an intracellular domain mediating signal transfer into a cell via tyrosine kinase activity. This domain is a target for an inhibitor. EGFR mutations that cause permanent tyrosine kinase activity without the receptor being occupied by Laboratory testing also includes cytogenetic diagnostics of ALK via fluorescence in situ hybridization (FISH). The ALK gene encodes a membrane tyrosine kinase receptor that is, in humans, located on chromosome 2p23. ALK break leads to the formation of the ALK/EML-4 fusion protein, against which inhibitors are available.
Possible amplification of the HER2/neu gene can also be examined. The product of this gene is a membrane receptor with tyrosine kinase activity, with a weight of 186 kDa, belonging to the HER gene family. The gene is located on the long arm of chromosome 17 in region q11.2-q12. HER2/neu amplification initiates dimerization and autophosphorylation of tyrosine kinase residues in the HER2 cytoplasmic domain, which activates complex signaling cascades leading to cell proliferation and thus, to the tumor formation process (6) . Genetic aberrations of the EGFR signaling pathway in NSCLC are associated with a different sensitivity to EGFR TKI inhibitors in association with activating mutations on exons 19 and 21 (deletion and mutation L858R). It has been shown that HER2/neu amplification can result in acquired EGFR TKI resistance in EGFR-mutant tumors (7) .
ROS-1 gene aberrations can be cytogenetically detected. ROS-1 is a protein located in the inner region of a cell membrane. This protein is important for cell growth and proliferation. ROS-1 gene mutations can lead to the formation of tumors, including NSCLC. Simultaneously, these mutations increase sensitivity to TKI (e.g., crizotinib) treatment.
The present study describes the complete biopsy and predictive examinations of a patient with lung adenocarcinoma who experienced a long survival time, with emphasis on the logistics of the whole process and the application of the TKIs, crizotinib and LDK378.
Case report
At the beginning of March 2012, a male patient (aged 67 years) who presented to the Department of Oncology (First Faculty of Medicine, Charles University and General University Hospital in Prague, Prague, Czech Republic) with skeletal pain was examined. Large metastases were confirmed by scintigraphy. A computed tomography (CT) scan showed a large tumor in the left lung, affecting the hilar and mediastinal nodes (pT4N3M1) (8) . A bronchoscopic biopsy of the left lower bronchus was performed and the presence of a tumor was confirmed. Microscopic examination showed that the bronchial mucosa was infiltrated by solidly structured adenocarcinoma with intracellular mucin production, passing to areas with regions of signet-ring cells. The tumor grew in an infiltrative manner, with evident carcinomatous lymphangiopathy. Immunohistochemical examination revealed that the tumor cells expressed cytokeratin 7, but thyroid transcription factor 1 (TTF1) and caudal-type homeobox 2 protein (cdx2) were not detected. Molecular pathological examination of EGFR was negative, mutations were not detected. When the KRAS gene was tested, a Gly12Ala (GGT≥GCT) mutation at codon 12 was found. Mutational analysis the of BRAF gene did not detect V600E mutation. For cytogenetic analysis (FISH), the Vysis ALK Break FISH Probe kit (Abbott Pharmaceutical Co. Ltd., Lake Bluff, IL, USA) fluorescence probe was hybridized to the tissue section (2-3 μm). Duplex formation (regions 2p23.1p23.2) is directly detected by fluorescencelabeled polynucleotide labels. The tissue was denatured at 75˚C (±2˚C) for 10 min. The probe was then hybridized to ThermoBrite (Abbott Pharmaceutical Co. Ltd.) overnight at 37˚C. The changes were detected using a fluorescence microscope (Olympus, Tokyo, Japan). Cytogenetic examination by FISH did not detect HER2/neu amplification. Examination of the ALK (2p23) gene proved the break in the relevant area; a 15-20% incidence of individual red signals showed evidence of the loss of an interstitial area of the ALK gene (9) .
In July 2012, the patient underwent two stabilizing surgical interventions in the area of the thoracic and cervical spine in the Department of Neurosurgery. The patient was then transferred to the care of the Department of Oncology. As the first-line treatment, the patient received four cycles of cisplatin (150 mg) and pemetrexed (1,000 mg), with a partial response after the second cycle, as confirmed by a CT scan. However, primary tumor progression occurred after the fourth cycle. Alimta was administered in monotherapy until progression occurred in July 2012.
With regard to ALK gene break detection, crizotinib therapy (250 mg twice a day) was prescribed. The therapy commenced in July 2012 and lasted for 1 year. After 1 month, the medication had to be stopped due to grade 3 liver toxicity [alanine aminotransferase (ALT), 15.79 µkat/l; aspartate aminotransferase (AST), 4.67 µkat/l; γ-glutamyl transpeptidase (GGT), 1.78 µkat/l; and alkaline phosphatase (ALP), 3.18 µkat/l]. After 14 days, the liver enzyme levels were lower (grade 1) (ALT, 2.67 µkat/l; AST, 0.66 µkat/l; GGT, 1.62 µkat/l; and ALP, 1.84 µkat/l) and the patient continued therapy, which was reduced to a 50% dose for 1 month. As the treatment was well tolerated, the dose was increased back to the original level in November 2012. The patient received the full dose of crizotinib until January 2014, when primary tumor progression and bone metastases were detected on PET/CT, according to Response Evaluation Criteria In Solid Tumors (version 1.1) (10). Due to crizotinib therapy, the generalized lung tumor had been stabilized for a total of 19 months. The patient was offered a place in the German clinical trial for LDK378, an ALK inhibitor developed by Novartis International AG (Basel, Switzerland), but this was declined and treatment was continued in the Czech Republic. Erlotinib therapy was started in February 2014, however, the treatment was ended in April 2014 due to fast disease progression. Subsequently, the patient participated in the formerly considered LDK378 study in Frankfurt on the Main, Germany. Nevertheless, the disease progressed and the patient succumbed in May 2014. The patient was treated using the TKI crizotinib until disease progression, which occurred after 19 months, an unusually long time compared to the commonly reported 8-10 months. The overall survival time following diagnosis was 28 months.
Discussion
In the present study, the tumor morphology and results of immunohistochemical examinations (TTF1, CK7 and cdx2) were not unambiguous, and from a differential diagnostic point of view, the metastatic tumor origin (11) (12) (13) , e.g., the stomach, was also considered. HER2/neu gene amplification was assessed by FISH during the diagnostic process. Metastases from stomach cancer would have shown increased protein expression (relevant gene amplification) and monoclonal antibody Herceptin ® (transtuzumab) therapy would have been possible (14) Moreover, HER2/neu amplification correlates with possible resistance to EGFR TKI.
EGFR ras/raf/MAPK signaling pathway analysis was interpreted to the patient's disadvantage. Existing studies have not confirmed a direct correlation between activating mutations of the EGRF gene and inhibiting mutations of the KRAS gene, however, it has been shown that these mutations can occur simultaneously. If KRAS gene mutation occurs together with the activating mutations of EGFR, the response to TKI inhibitor treatment could be affected (15) and carriers of these mutations would not respond to TKI treatment (16) . BRAF gene mutation was not detected in the present study. This mutation could have an activating character with a positive response to MAPK kinase (MEK) inhibitor (Vemurafenib) treatment, nevertheless, it decreases response to TKI inhibitor treatment in lung carcinomas with EGFR gene mutations (17) , and according to certain studies, BRAF mutation (V600E) represents an unfavorable prognostic factor (18, 19) . Due to these reasons, it is necessary to observe mutational changes in the whole EGFR ras/raf/MAPK signaling pathway (20) . In the present study, cytogenetic examination detected ALK break and ALK/EML-4 fusion protein. This oncogenic rearrangement of the ALK gene has also been described in NSCLC. The inhibitor Xalkori ® (crizotinib; Pfizer, Tadworth, UK) has demonstrated hopeful results in lung carcinoma cases with ALK rearrangements (21, 22) . ALK is an oncogene that is activated by a fusion with other genes. Other changes in the ALK gene, such as mutations or amplifications, lead to the early resistance to crizotinib. This resistance, however, was not confirmed in the present case. According to previous research, the occurrence of ALK gene break together with activating mutations of the EGFR gene is not possible (21) .
The present study on a 67-year-old man elucidated the importance of comprehensive and complex diagnostics as the most important precondition for achieving an adequate response to currently available biological treatments. In predictive diagnostics, it is not appropriate to focus on the analysis of just one marker. A tumor cell is complex, and thus all aspects participating in its increased proliferative activity must be observed.
